We report on the fabrication of CdSnP2 thin films for photovoltaic application. The phosphidation method, where co-sputtered Cd-Sn precursor thin film reacts with phosphorus gas, was utilized for the preparation of CdSnP2 thin films. In order to establish the fabrication process, the temperature dependence on product phases was investigated and CdSnP2 thin films were obtained by the phosphidation at 350 C for 30 min under the phosphorus vapor pressure of 10 −2 atm. CdSnP2 thin films showed a n-type conduction.
7
were carried out at room temperature based on van der Pauw method using Hall-resistivity 1 measurement system (Toyo Technica, ResiTest8300) . 2
For the consideration of growth mechanism in the phosphidation method, we used the 3 chemical potential diagrams. The review on the chemical potential diagrams is well 4 summarized by Yokokawa. 29 A chemical potential diagram shows a stable potential 5 region in various substances and each axis represents a chemical potentials of constituent 6 elements. The chemical potential diagram of the Cd-Sn-P system was drawn using the 7 software, Chesta 3.2.6.9, developed by Hatada. In order to obtain the potential diagrams, 8 the thermodynamic data for Cd (g) and Sn (g) were derived from the database edited by 9
Barin 30 . The Gibbs energies of formation for CdP2 (s), Cd3P2 (s) and CdSnP2 (s) reported 10 by Sirota et al. 31 and Smolyarenko et al. 32 were also utilized. 11
Results and discussion

12
Effect of phosphidation temperature
13
In order to obtain CdSnP2 thin films with the single-phase, the phosphidation of Cd-Sn 14 precursor thin films was carried out at various reaction temperatures such as 300, 350 and 15 400 C. In each experiment, Cd-Sn precursor thin films reacted with phosphorus gas for 16 8 Sn were identified and alloy was not observed, because Cd-Sn system is a typical eutectic 1 system. The formation of CdSnP2 as a main phase was observed in the phosphidation at 2 300 and 350 C. In particular, all reflections observed in the sample prepared at 350 C 3 were corresponded to the reflections of CdSnP2. In addition, those samples show (112) 4 plane orientation of CdSnP2, which is a close-packed plane in chalcopyrite structure. ICP-5 AES analysis showed that the composition of the thin film fabricated at 350 C was 27.2 6 at. % Cd, 23.6 at. % Sn and 53.2 at.% P, which is Cd-rich composition compared with the 7 stoichiometric ratio of CdSnP2. In some samples prepared by the same condition, Cd3P2 8 was identified from XRD profiles. Therefore, the existence of Cd3P2 as a secondary phase 9 is considered even in the case that Cd3P2 is not identified in XRD profiles as shown in 10 Fig. 1 . While, Cd6P7 and Sn were identified in addition to CdSnP2 in the sample for 400 11
C.
smooth morphology compared with ZnSnP2 thin films. In our previous work, a different 1 surface morphology was observed in ZnSnP2 thin films fabricated even by a similar 2 phosphidation process. 28 Some ZnSnP2 protrusions with the length of a few m were 3 formed on the ZnSnP2 thin film by so-called VLS (Vapor-Liquid-Solid) growth mode. 28, 33 4 It is interesting that CdSnP2 and ZnSnP2 showed different morphologies in spite of the 5 similarity in constituent elements and crystal structures. 6
Growth mechanism of CdSnP2 thin film 7
The time dependence of phosphidation in CdSnP2 was investigated in order to clarify 8 the growth mechanism. Here, we prepared a sample discontinued at 250 C on the way 9 heating up to 300 C and another one after the phosphidation of Cd-Sn thin film at 300 10 C for 2 min. Each sample was quenched outside the furnace in order to freeze the state 11 during the phosphidation, while samples as shown in the previous section were 12 conventionally cooled in the furnace after phosphidation. Figure 4 shows the XRD profile 13 for each sample. The discontinued sample indicates that phosphidation reaction had not 14 started at the heating stage because precursor metals such as Cd and Sn were identified. 15
On the other hand, CdSnP2 is observed as a main phase even in the phosphidation for 2 16 min, which suggests that the reaction rate to form CdSnP2 is higher compared withphosphidation did not finish the formation of ZnSnP2 even in the higher reaction 1 temperature of 450 C. It is also understood that partly-melted precursor metal is an 2 important factor for fast phosphidation reaction from the SEM images of the film surface 3 shown in Figure 5 , as previously predicted. ( "Discontinued" indicates the sample discontinued on the way heating up to 300 C. 
